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Synopsis
It has long been recognized that course and eﬃciency of a chemical reaction is largely me-
diated by the short-lived transient species (excited state or radicals) which are formed as
reactive intermediates during a chemical reaction. Subtle changes not only in the bond-
ing and electronic distributions but also in the conformations and geometries of these
intermediates have a dramatic inﬂuence on the reactivity. A detailed understanding
of the structural and dynamical aspects of electronic excited states is therefore essential
towards unraveling photoinduced natural processes and for designing novel photonic ma-
terials. Time-resolved techniques have been widely used to study the transient species
(or intermediates) formed during photochemical and photophysical reactions for bet-
ter understanding of the reaction mechanism and dynamics. Time-resolved absorption
spectroscopy is a promising tool to study the temporal dynamics and the kinetics of pho-
tophysical processes. But the absorption spectra of species in solution usually consist of
broad spectral band revealing little or no information about the structure of the tran-
sient species under investigation. Time-resolved resonance Raman (TR3) spectroscopy,
on the other hand, is a potential sensitive modality, which not only allows one to study
the dynamics but also provides the vibrational structure of the transient species of in-
terest in microsecond to picosecond time scale. Moreover, by choosing the wavelength
of excitation one can selectively probe the particular transient species from a complex
molecular system especially a biological molecule.
Thioxanthone (TX) is well known for its dramatic solvatochromic behavior and has
drawn enormous attention in the recent years. The objective of present thesis has been
to understand the solvent-induced structural changes on the lowest excited triplet state
of TX and its derivatives. We have primarily employed nanosecond TR3 spectroscopy, a
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pump-probe technique, to investigate structure of the lowest excited triplet state. Tran-
sient absorption experiments have also been carried out to study the excited electronic
states. In order to substantiate our experimental ﬁndings and also to get more insight
into the triplet-state structure, we have performed density functional theory (DFT) cal-
culations. The polarizable continuum solvation model has been employed to account for
the solvent eﬀect into the computation. Time dependent (TD) - DFT calculations have
also been performed to get the energy and the structure of the excited states.
The present thesis has been divided into eight chapters. Chapter 1 gives brief
literature review on photochemistry and photophysics of TX and the introduction to the
TR3 technique. In this chapter we have brieﬂy introduced key concepts which form the
basis of the thesis.
Chapter 2 covers the experimental and theoretical methodologies used in the present
thesis work. The major components of the TR3 spectrometer as well as the important
technical aspect of the TR3 technique have been discussed in detail. In the section of
the theoretical method, basic concepts of the computational method, density functional
theory and key concepts related to the solvation are brieﬂy discussed.
Chapter 3 focuses on a systematic vibrational study of the ground and lowest triplet
states of TX. TR3 experiments have been carried out and the observed vibrational fre-
quencies have been assigned. It has been observed that electronic excitation distorts the
molecule, enabling the increased electron delocalization in the central ring keeping the
ground state symmetry intact. The largest structural reorganization is observed in the
central ring of TX, consisting of an oxygen atom. Normal mode analyses show that the
normal mode composition is signiﬁcantly inﬂuenced by the electronic excitation. The
C=C stretching and C=O stretching modes are coupled to a greater extent in the triplet
state as compared to the ground state. In the ground state, the two high-frequency
modes can be assigned almost exclusively to the C=O stretching and C=C stretching,
whereas in the triplet state, both of these coordinates have comparable contributions to
the two totally symmetric modes.
Chapter 4 deals with a very unique observation of simultaneous detection of two
triplets. This is the ﬁrst time when two triplet states have been simultaneously deleted
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using TR3 experiments. We have performed TR3 experiments in wide variety of solvents
diﬀering in their polarities and hydrogen atom donor abilities. The transient Raman
signal has been observed from both n−π∗ and π−π∗ triplet states simultaneously. The
population ratio of the two triplet states has been found to be dependent on the solvent
polarity. Additionally, the excitation wavelength study has revealed that the relative
ratios of the transient Raman peaks (assigned to two diﬀerent triplet states) change
with the excitation wavelength. Our claim of simultaneous detection of two triplets has
been reconﬁrmed by triplet quenching experiments carried out at diﬀerent temperature.
It has also been observed that the CO bond length is very sensitive to the solvent polarity
and speciﬁc interactions play an important role in determining the structure of lowest
triplet-state.
In Chapter 5, we focus on the understanding of the eﬀect of chlorine substitution
on the lowest excited triplet state of TX. TR3 spectroscopy has been used as an ex-
perimental tool to study the vibrational structure of 2-chlorothioxanthone (CTX). TR3
results indicate the coexistence of two lowest triplet states in the thermal equilibrium
akin to the parent compound. The above observation has been further substantiated by
probe wavelength dependent study. The conﬁguration of the T1 state has been assigned
to π−π∗, whereas the T2 state has been ascribed as n−π∗. The population ratio of
3n−π∗ to 3π−π∗ triplet states has been found to be more for CTX as compared to TX
which has been substantiated by the ﬂash photolysis experiments.
Chapter 6 highlights the inﬂuence of solvent eﬀect on lowest triplet state structure
of CTX. Transient absorption spectroscopy has been employed to understand the triplet
state electronic structure; whereas solvent induced changes in the structure of the low-
est triplet state have been studied using TR3 spectroscopy. Time-resolved absorption
measurements show that solvent polarity has dramatic dependence on the wavelength of
T1−Tn absorption maximum. A good correlation between the wavelength of T1−Tn ab-
sorption maximum and ET(30) value of the solvent is observed. TR3 experiments carried
out in solvents of varying polarities indicate that the contribution of n−π∗ character
to the lowest excited triplet state increases with the increase in the solvent polarity.
Both transient absorption and TR3 studies reveal that speciﬁc solvent eﬀect is more
xpronounced in comparison to the nonspeciﬁc solvent eﬀect.
Chapter 7 of the thesis deals with the study on the triplet state structure and
solvent eﬀect on 2-triﬂuoromethyl Thioxanthone. Flash photolysis in tandem with TR3
spectroscopy has been employed to understand both the electronic and the vibrational
structures of this pharmaceutically important thioxanthone derivative. Experiments have
also been carried out in solvents of varying polarities to study solvent-induced changes
in the triplet-state electronic spectra. We have observed the coexistence of two lowest
triplet states alike the parent compound. The T1 state has been assigned to π−π∗ state,
whereas n−π∗ conﬁguration has been attributed to the T2 state. The wavelength of
triplet-triplet absorption maximum of the lowest triplet state has been found to be
sensitive to the solvent polarity and good correlation has been observed with the ET(30)
value. The transient Raman results indicate that the CF3 substitution leads to increase
in the population ratio of n−π∗ andπ−π∗ triplet states.
Finally, Chapter 8 contains overall summary of the thesis and future directions of
the present investigation.
